The Drosophila homeotic gene proboscipedia (pb) specifies labial identity and directs formation of the adult distiproboscis from the labial imaginal discs, pb null alleles result in the homeotic transformation of the distiproboscis into prothoracic (T1) legs [Kaufman (1978) Genetics 90, 579-596; Pultz et al. (1988) Genes Dev. 2, 901-920]. Homology with other transcription factors, localization to the nucleus, and restricted embryonic and imaginal expression implicate the pb protein (PB) as a transcription factor. In order to examine the possible roles that PB may play in the specification of adult mouthparts, we have expressed PB in cells of wing, leg and eye-antennal imaginal discs and assayed for effects on the development of adult structures. We report here that the ectopic expression of PB in the imaginal discs under the control of the inducible GAL4 system [Brand and Perrimon (1993) Development 118, 401-415] alters the developmental program of adult legs into maxillary or labial palps. These homeotic transformations have an equal effect on all three sets of legs, indicating an activity that is not solely dependent upon the uni@e combinations of other homeotic genes present in each of the leg discs, Segment polarity genes required for establishing the AP compartment boundary were found to be undisturbed by ectopic PB. Furthermore, normal patterns of apoptosis are observed in animals expressing ectopic PB, indicating that PB does not alter or affect cell death. These results suggest that molecular events occurring downstream of the establishment of the compartment boundary are affected by ectopic PB expression in imaginal discs and point to a general role in 'palp' formation in addition to the specification of labial identity.
Introduction
Patterning of the adult epidermis in Drosophila follows a program of development arising from the stepwise subdivision of imaginal disc tissues into discrete compartments (reviewed in St. Johnston and Nusslein-Volhard, 1992) . This process begins early in the blastoderm embryo and continues through the larval and pupal stages. Metamorphosis of the insect integument during pupation requires the eversion of the imaginal discs into highly specialized shapes specific to each appendage (reviewed in Cohen, 1993) . The final shape of the appendages is determined by the interplay of multiple processes acting in concert during the period leading to eclosion of an adult fly. Coordinated rounds of cell division, large-scale alterations of cell shapes, and the active removal of specific cells through apoptosis are all required to shape the adult epi-tally important genes (Gould et al., 1990; Reuter et al., 1990; Vachon et al., 1992; O'Hara et al., 1993; Capovilla et al., 1994; Heuer et al., 1995) .
ANT-C member proboscipedia (pb) is required during imaginal development for the specification of cellular identity in the labial discs, the anlagen of the distal-proboscis. Loss of function pb alleles lead to homeotic transformations of the adult labial palps into prothoracic (T1) legs, whereas hypomorphic pb alleles lead to an alternate transformation of mouth-to-antennal identity (Kaufman, 1975; Pultz et al., 1988) . No genetic targets of PB have been identified although the presence of the DNA binding homeodomain within PB implicates it as a transcription factor. Ectopic expression of PB under the control of the heat shock promoter results in a homeotic transformation of antennae-to-maxillary palp identity (Cribbs et al., 1995) indicating that PB can act in tissues where it is not normally expressed.
Given the profound developmental effects that the pb gene can exert on both labial and eye-antennal imaginal discs, we sought to determine if ectopic expression of PB within specific regions of other imaginal discs is sufficient to alter cell fate towards a labial identity. We placed the pb transcription unit under the control of an inducible promoter regulated by the yeast GAL4 transcriptional activator (Brand and Perrimon, 1993) . Using this system, we have expressed PB in the cells of imaginal discs and assayed for effects on the development of adult leg and wing structures. We report here that striking alterations of cell growth along the tibial and tarsal leg segments and a major disruption of wing patterning occurs when PB is expressed ectopically in leg and wing discs, respectively. The phenotypes observed include homeotic transformations of leg-to-labial identity and a general alteration of cell shapes resulting in large bulbous outgrowths from the legs. Our results indicate that in addition to specifying labial cellular identity, pb may function to specify formation of a generalized 'palp' structure in the legs.
Results
Animals expressing PB under the control of the dpp-GAL4 driver line 57A will be referred to as dpp --~ PB animals throughout the remainder of this paper, and the ectopic expression of PB elicited by this driver is shown in Fig. 1 . PB is expressed at a high level in a stripe of cells that lies just anterior to the AP compartment border in the wing and leg discs, although in the leg discs the stripe is expanded, occupying a somewhat wider stripe of cells than seen in the wing discs. Ectopic PB expression in dpp ~ PB animals begins during late embryonic stage 12 (Campos-Ortega and Hartenstein, 1985) and is maintained throughout larval development into the pupal period (not shown). Expression of PB with the dpp-GAL4 driver has no obvious effect on embryonic or larval development, but results in significant pupal lethality (Table 1) . Pharate adults display a range of abnormalities that are described below.
Expression of PB in leg discs results in pattern disruptions and homeotic transformations
Ectopic expression of PB in imaginal discs results in striking growth and patterning defects in the antennae, legs and wings. Upon eclosion, dpp ~ PB animals are unable to pull themselves free of the pupal case. Typically these animals remain inside the operculum and die within a day or two. As shown in Fig. 2 , pharate adults either dissected from or pulled out of the pupal case display a range of dramatic leg abnormalities along the PD axis in areas derived from the regions of the imaginal discs in which PB was expressed. Labial-like structures observed along the T1 legs of dpp ---) PB animals include pseudotrachea, short hairs resembling sensilla basiconica, and patches of smooth cuticle usually associated with the labellar bolster at the distal-most end of the labial palps ( Fig. 2E,H ). These structural alterations indicate homeotic transformation of leg-to-labial identity. Additionally, maxillary palp-like structures are formed along the lateral aspects of the legs in some locations (Fig. 2F ) and indicate a homeotic transformation of leg-to-maxillary palp. Leg patterning defects resulting from ectopic PB expression do not include a replacement of the entire leg by labial palps. Instead an appendage of mixed identity is produced, containing both leg-and mouth-specific structures ( Fig. 2C-H) .
General leg patterning defects include a shortening and distortion of the leg along the PD axis, fusion of tarsal segments, and large bulbous outgrowths of tissue along the lateral surfaces (Fig. 2) . Many cuticular structures marking AP and PD axis orientations are present on the legs of dpp ~ PB animals including the claw organs, pulvilli, sex combs and transverse bristle rows (Fig. 2C-F) . This result indicates that other than the shortened PD axis, overall axial patterning is not affected by ectopic PB along the AP compartment border, and that the high level of expression in the center-most portion of the leg discs has no effect on the formation of the claw and pulvilli.
Wing defects associated with ectopic PB expression
The wings of dpp ~ PB animals do not exhibit a homeotic transformation, but are smaller in size than wild type, are missing both longitudinal and cross veins, have ectopic socketed bristles growing from the wing blade surface, and display a generalized crumpled appearance. In spite of the overall loss of wing shape and development, several markers indicate that the normal AP polarity has been established in these wings including the anterior triple row and posterior single row of sensory bristles ( Fig. 2A) . Wing defects are not localized exclu-sively to cells along the AP border, indicating that some of the patterning defects are not directly caused by the misexpression of PB. Instead, this may indicate perturbation of secondary ceil-non-autonomous signaling systems.
Homeotic transformations are restricted to the dpp-GAL4 driver
Three other GAL4 drivers, P { GawB } 69B, P{GawB}30A, and P{GawB}71B (Brand and Perrimon, 1993) that have different spatial and temporal patterns of GAL4 expression in the imaginal discs (Capdevila and Guerrero, 1994; Castelli-Gair et al., 1994) were used in conjunction with the UAS-PB responder to examine the phenotypic consequences of ectopic PB expression in varying locations within the imaginal discs. When crossed to the UAS-PB responder, both P{GawB}69B and P{GawB}71B lines result in embryonic or early larval lethality (Table 1 ) and so were not useful for analysis of the adult cuticle. Adults expressing PB under the control of a third imaginal disc driver, P{GawB}30A, displayed minor non-homeotic disruptions of the legs that include Fig. 1 . lmaginal discs from third instar dpp --~ PB (A-C) or 30A --~ PB (D-F) animals stained with PB-E9 antisera. In all panels the anterior disc compartment is to the left. (A) T1 leg disc displaying a stripe of PB expression along the AP border. Note that the distal, center-most region of this disc has a high level of ectopic PB expression (arrowhead). (B) Eye-antennal disc revealing ectopic PB expression in the center-most, distal portion of the antennal disc that will give rise to the arista (arrowhead). Ectopic PB is also present in the eye portion of this disc. (C) Wing disc displaying a discontinuous stripe of PB expression along the AP border including regions giving rise to the wing blade (arrow) . No PB expression is detected outside the AP border area in the wing disc. (D) T1 leg disc with two distinct areas expressing PB. A proximal arc extending through both anterior and posterior compartments (arrowhead), and a sub-distal arc located in the posterior compartment (arrow). (E) Eye-antennal disc with PB expression localized to the distal aristae (arrowhead) and portions of the eye disc. (F) Wing disc; ectopic PB is produced around the proximal region of the wing pouch (arrow). Percent lethality was calculated as follows: % embryonic = (fertilized, dead embryos/total embryos) × 100; % larval = 100 -(pupae/larvae) × 100; % pupal = 100 -(adults/pupae) x 100. E, embryonic; NA, not applicable.
fusion of tarsal segments (data not shown). In no case were homeotic transformations of leg-to-labial palp observed with any of the other GAL4 drivers tested here. The P{GawB}30A driver produces ectopic PB in a more limited area of the leg discs than does the dpp-GAL4 driver ( Fig. 1) , being restricted to a more proximal area of the disc. Homeotic transformations observed in dpp--~ PB animals are located along the femur and tibia, the anlage of which are seen to contain a high level of PB. Ectopic expression from 30A ~ PB is restricted to a more proximal area of the leg disc that will form the trochanter and proximal femur, areas that are not transformed in either dpp ~ PB or 30A ~ PB animals. This result suggests that cells positioned in a sub-distal area of the leg discs are more sensitive to action of PB than are cells located more proximally along the PD axis. Interestingly, the ectopic legs produced in place of the distiproboscis by pb loss-of-function alleles are incomplete, having distal claw organs and identifiable tarsus, but not femur-specific structures (Kaufman, 1978) . Upon eclosion, claw organs and pulvilli are seen to be present at the distal tip of each dpp ~ PB leg, indicating that PB does not affect the elaboration of these structures even though the ectopic expression is high at the distal-most area of the leg discs (Fig. 1C) .
dpp ---) PB does not perturb many of the genes involved in AP or PD patterning
To examine the possibility of inappropriate regulation of patterning genes by ectopic PB, late third instar imaginal discs were stained with antisera directed against the
engrailed ( en), Cubitus interruptus ( Ci), and wingless (wg)
gene products as well as several other genes of the segment polarity class. As shown in Fig. 3 , no apparent alteration of the expression of the en, Ci, and wg gene products was observed in any of the leg discs. In addition, expression of the products of the aristaless (al,) bric-a-brac (bab) , Distal-less (Dll) , decapentaplegic (dpp), Antp, Scr, and Ubx genes was examined in imaginal discs and in no case was expression different from wild type (not shown). The first indications of imaginal disc pattern defects are observed during the prepupal phase, when the discs from dpp ~ PB animals become abnormally large and misfolded. Early Close up of the antennae; note thickened aristae (arrow), and bifurcated distal tip which may indicate a partial transformation toward palp identity (see Kapoun et al., 1995) . (C,D) Bright-field photomicrographs of adult legs; fe, femur; ti, tibia. The anterior compartment specific transverse rows shown in (D) (arrow) and claw organs in (C-F) (arrowheads), indicate the presence of a normal AP and PD axis, respectively, in these appendages. Pseudotrachea, arrows in (E), and maxillary palps, arrow in (F), are mouthpart-specific structures that indicate a homeotic transformation of leg-to-labial identity. Scale bar in (E) 100 gm. (G) A closer view of a patch of 'palp-like' tissue growing along a dpp -~ PB leg. Note the presence of bracted bristles (arrows) indicating that leg identity has been maintained in the growth. Scale bar, 20/zm. (H) Close-up of the pseudotrachea shown in (E). Scale bar, 20 #m. In no case is an alteration in the expression of these molecular markers observed, indicating that the normal AP compartments have been established and remain undisturbed in the presence of PB expression along this border. Expression of several other proteins including SCR, ANTP, UBX, DPP, DLL, AL and BAB was also examined and no effect on the distribution of these proteins was observed (not shown). pupal leg discs display visible outgrowths and alterations in both size and shape, being enlarged in regions that will give rise to the tibia and tarsus.
dpp ---> PB does not cause generalized apoptosis
antennal discs from dpp ---> PB animals were also examined. In no case was an alteration in the pattern of cell death observed in dpp--~ PB animals as compared to wild type discs (not shown).
In order to determine if the outgrowths and pattern disruptions seen in dpp ~ PB animals were due to the initiation of the apoptotic cell death program, imaginal discs from dpp --> PB animals were stained with the vital dye acridine orange (AO), and examined with florescence microscopy (Fig. 4) . Patterns of AO-stained cells are variable between individual preparations within a narrow range in both wild type and experimental discs. As shown in Fig. 4A ,B, a slight increase in the number of AO-stained cells is observed in dpp--+ PB wing discs when compared to wild type discs. This pattern is not related to the expression domain of PB in these discs (Fig. 1A) , and is within the normal range of staining observed in wild type discs. As shown in Fig. 4C , imaginal discs dissected from dpp ---> RPR flies and stained with AO display a prominent stripe of staining along the same area of expression shown in Fig. 1A . No such stripe of cells is seen in Fig. 4B , indicating that the expression of PB does not increase apoptosis in the region of ectopic expression. Note that the apparent slight increase in cell death shown in Fig. 4B is seen in regions of the wing disc outside the area of PB expression. Leg, haltere, and eye
Discussion

Ectopic PB and specification of thoracic segmental identity
Each segment of the embryo and every imaginal disc expresses a unique combination of homeotic and segment polarity genes. These combinations are thought to lead to the specification of unique identities for each adult appendage. We report here that ectopic expression of PB in the T1 leg discs does induce a homeotic transformation of legto-labial identity. Unexpectedly, an identical transformation is observed on all three pairs of legs even though the metathoracic (T2) and mesothoracic (T3) leg discs express combinations of homeotic genes different from T1. For instance, the prothoracic (T1) leg disc expresses SCR in both epithelial and mesodermal cells, while the T2 and T3 discs have a more limited, mesodermal expression pattern (Pattatucci and Kaufman, 1991; Gorman and Kaufman, 1995) . The ectopic expression of PB in T1 discs leads to a combination of HOM-C genes equivalent to that expressed in labial discs in the region of cells along the AP boundary. Since the labial imaginal discs express a similar combination of HOM-C genes as found in the T1 leg disc, a combinatorial model of homeotic gene function predicts that cells of the T1 leg, but not those of the T2 and T3 legs, would be transformed into labial palp identity in a reciprocal manner to that seen in the labial palps from pb null animals. Our observation that expression of PB in all three sets of leg discs can transform each in a similar manner indicates that PB is able to modify cell fate in the molecular background of different combinations of other HOM-C proteins. Thus, our results are at odds with a strictly combinatorial model of HOM-C gene action and demonstrate that PB can override the unique developmental programs specific to each thoracic segment by altering growth patterns and cellular identity.
Lack of posterior dominance of ectopic PB activity
The normal domain of activity of pb is in the labial imaginal discs, tissues that are derived from the embryonic labial segments. The fact that pb can alter the segmental identity of the thoracic imaginal discs that are derived from segments more posteriorly located than the labial segment indicates that pb does not follow the general rule of 'posterior dominance' of the HOM-C genes. This phenomenon has been observed for many HOM-C genes when ectopically expressed, usually by means of a heat shock protocol. Posteriorly acting homeotic selector proteins are usually functionally dominant to more anteriorly acting ones (Lewis, 1978; Strnhl and White, 1985; Gibson and Gehring, 1988; Gonzalez-Reyes and Morata, 1990; Mann and Hogness, 1990) . In most cases however, the posterior dominance rule has only been explored with respect to embryonic or larval phenotypes. Normally, PB is only active in the imaginal discs, and plays no role during the early events establishing embryonic segmentation. It is possible thatpb may not participate in a hierarchy of HOM-C activity that is restricted to the early events establishing embryonic segmental identity.
A related poorly understood phenomenon is that of 'phenotypic suppression' in which the presence of one homeotic protein blocks the influence of an introduced protein. In the results presented here, PB is seen to alter the cellular identity of some of the cells in which it is ectopically expressed in the legs, cells that are also expressing the Scr and Antp HOM-C genes. The identities of the T1, T2 and T3 legs are still distinguishable by the presence of the claws, and the normal complement of A/P and P/D axis markers present in the dpp ~ pb legs. The overall leg identity remains unchanged in the presence of ectopic PB. Instead, a patch of cells along the sub-distal portions of the legs is transformed into 'palp' identity. In this case it would appear that the alteration of leg identity occurs in the context of a normal leg structure, and even then only in a subset of the cells that are ectopically expressing PB. The phenotypic suppression of other HOM-C genes in areas posterior to their normal domain of action may be restricted to early embryonic patterning events by mechanisms as yet unknown.
Pattern defects do not include disruption of the compartment border
The formation and maintenance of a compartment border the imaginal discs has been shown to play a major role in patterning of the adult appendages (Morata and Lawrence, 1975; Lawrence and Struhl, 1982; Kornberg et al., 1985 reviewed in Lawrence and Struhl, 1996) . The anterior-posterior (AP), dorsal-ventral (DV), and proximal-distal (PD) axes of each appendage require cell-cell signaling mechanisms that are thought to be common among the imaginal discs (Lawrence and Struhl, 1982; Garcia-Bellido et al., 1973) . The segment polarity genes en, Ci, and wg are required in the compartmentalization process (Morata and Lawrence, 1975; Lawrence and Struhl, 1982; Tabata and Kornberg, 1994) . Many of the pattern disruptions observed upon misexpression of the segment polarity class of genes are similar to the phenotypes observed in dpp ~ PB adult limbs. For instance, loss of tarsal segments, thickening of the femur and tibia, duplications and disruptions of bristle pattern, and loss of wing veins are often associated with segment polarity mutants (Lawrence and Strnhl, 1982; Held, 1993; Lawrence and Sampedro, 1993) and are frequently observed in dpp ~ PB animals. Ectopic expression of wg, dpp, patched (ptc), or hedgehog (hh) using the GAL4 system and disc-specific drivers also results in pattern duplications of appendages through a mechanism that is thought to include the induction of an ectopic PD organizing center in the leg discs (Capdevila and Guerrero, 1994; Campbell and Tomlinson, 1995; Johnson et al., 1995; Wilder and Perrimon, 1995) .
Compartment-specific structures observed on the legs of pharate adults including sex combs, transverse bristle rows, claws, and pulvilli indicate that the major AP and PD axes were established normally in the legs of dpp--~ PB animals (Fig. 2) . Consistent with normal axial patterning in the appendages, we did not detect any alteration in the expression of several of the segmentation genes in imaginal discs. Taken together, these results indicate that pattern and growth alterations appendages from dpp -+ PB animals occur downstream of the events that compartmentalize the imaginal discs.
Differences in ventral and dorsal transformations
The differences in pattern disruption observed here between the wing and leg discs, where only the latter display a true homeotic transformation of leg-to-labia, could reflect a fundamental difference between the ability of ventral and dorsal discs to become modified by ectopic homeotic gene expression. Alternatively, the differences could result from the differences in expression pattern induced by the dpp-GAL4 driver in either the leg or wing discs. In the wing discs, ectopic PB is restricted to a band of cells just anterior to the compartment boundary, while in leg discs a similar stripe is produced, but it is seen to cover a wider stripe of cells (Fig. 1) . Wing pattern disruptions are seen to occur throughout the wing blade (Fig. 2) . Even though the ectopic PB elicited by the dpp-GAL4 driver is restricted to a stripe of expression along the AP border, all of the wing veins are lost (Fig. 2) . This suggests a disruption of non-cell autonomous signaling pathways in the wing discs. In contrast, the homeotic transformation of leg tissue is restricted to areas of high PB expression along the lateral surfaces of the legs, and disruptions of growth or patterning are not produced in regions outside of the ectopic domain of PB expression.
Effect on apoptosis
Apoptotic cell death plays an important role in the normal embryonic growth and patterning of many different organisms including Drosophila (Kerr and Harmon, 1991) . Many embryonic and adult pattern mutants are due to ectopic patterns of cell death (Klingensmith et al., 1989) . In the results presented here, we did not observe any effect on the pattern or timing of apoptosis in dpp ---> PB animals. It is possible that apoptosis is initiated during pupation or metamorphosis, in which case analysis of third instar discs will not reveal whether PB plays a role in abnormal cell death. The possibility also exists that cell death and regeneration may occur earlier than the third instar, and give rise to imaginal discs with normal size and shape. We feel this is unlikely, however, since the expression of ectopic PB is initiated during the earliest stages of disc formation in the embryo and is maintained throughout the larval, pupal and into the adult stages of development (not shown).
Interactions with developmental pathways in imaginal discs
of the heat-shock induced pb transformation of antennae to maxillary palps (D. Cribbs, personal communication), providing a link between the Rasl signal transduction pathway and homeotic function.
Our findings indicate that PB can play a role in the specification of labial palp identity in segments posterior to its normal domain of action in the proboscis. In each of the thoracic discs, ectopic PB results in a rounded, shortened leg that displays maxillary or labial palp outgrowths along the length of the femur and tibia.
Interestingly, no other homeotic gene of the ANT-C has a similar effect on appendage development when ectopically expressed with the GAL4 system (T.C.K., unpublished results), suggesting that pb has a unique homeotic activity when ectopically expressed with this system.
The Drosophila distiproboscis is thought to have evolved through the modification of a leg-like appendage into a structure specialized for feeding (Snodgrass, 1935 Carroll, 1995 . Modification of mouthparts may be one of the evolutionary consequences of altering the temporal and/or spatial expression of the HOM-C genes (Williams et al., 1993; Kenyon, 1994) . The appearance of pseudotrachea on the legs ofdpp --~ PB animals indicates that PB can modify the development of leg structures into labial palp-like appendages. A similar transformation of legs into palps is observed when the pb orthologue maxillopedia (mxp) is ectopically expressed in leg discs of the flour beetle Tribolium castaneum (Stuart et al., 1991; Beeman et al., 1993) , indicating that specifying palp formation is a conserved function of PB. As the elaboration of appendages into unique structures is one of the roles assigned to genes of the HOM-C, it will be interesting to see if the expression of PB correlates with the formation of palps or mouthpart-specific modifications in other insects.
Materials and methods
GAL4 constructs and fly stocks
Ectopic PB expression could lead to the disruption in transmission or interpretation of intra-or intercellular signaling in many ways, including inappropriate expression of receptor molecules, intracellular kinases, or transcription factors essential in the establishment or maintenance of the compartment border. Inappropriate expression of PB in dpp --~ PB leg discs may lead to the mis-regulation of developmentally important genes other than the segment polarity class examined here, perhaps through a competition for binding to target sites between pb and other transcription factors. An intriguing possibility is that the effects on appendage development occur through interactions with conserved signaling pathways that affect growth and specification of cell types. Both the proto-oncogene Rasl and the Ras antagonist Gap1 have been identified as interacting with pb in a screen for dose-sensitive modifiers To produce the GAL4-inducible pb responder construct, a 3.5 kb SacII-KpnI fragment containing the entire pb cDNA (kindly provided by D. Cribbs) was blunt-ended with T4 DNA polymerase and cloned into the EcoRV site of Bluescript 1 KS + (Stratagene). The pb cDNA was then removed from Bluescript using BglII and KpnI and subcloned into the BgllI-KpnI sites of the pUAST vector (Brand and Perrimon, 1993) . In all cases standard cloning methods were used (Sambrook et al., 1989) . The resulting responder construct, P{w+mC; pb UAsA = UAS-PB } that will be referred to as UAS-PB, is inducible in vivo by the presence of the yeast GAL4 protein. Several different driver lines that express GAL4 under the control of various enhancers were used to ectopically express PB in different locations and at various times during embryonic and larval development.
Germline transformants were obtained essentially by the method of Robertson (1988) , and multiple independent transgenic lines were established for the UAS-PB transgene. All GAL4-driver and UAS-responder fly stocks used in this study are homozygous viable and display no abnormal phenotypes. Results shown were obtained with the UAS-PB line 49.1 carrying the transgene on chromosome 2. Male transgenic animals carrying the UAS-PB construct were mated with virgin females from the driver stock, P{GawB}57A.1 (obtained from M. Hoffman), referred to here as dpp-GAL4, a transgene that expresses GAL4 under the control of imaginal disc enhancers from the decapentaplegic (dpp) gene. Additional GAL4 driver stocks used in this study include the enhancer trap lines P{ GawB }69B, P { GawB } 30A, and P { GawB } 71B described in Brand and Perrimon (1993) and Capdevila and Guerrero (1994) . Animals expressing PB under the control of these drivers are referred to as 69B ---> PB, 30A ~ PB, and 71B ---> PB, respectively. In every experiment, crosses were carried out reciprocally, and in no case was a difference in phenotype observed. A construct that expresses the reaper protein (RPR) under GAL4 control was made by cloning a 900 bp EcoRI fragment containing the reaper cDNA (kindly provided by H. Steller) into the EcoRI site of pUAST. This construct, P{w+mC; rprOAS'C = UAS-RPR} will be referred to as UAS-RPR.
Embryos and larvae from each cross were collected at 18°C, 25°C, and 29°C for analysis. In each case, control imaginal discs dissected from parental responder and driver stocks were compared and adults from each stock were included in the phenotypic analysis. Fly stocks were cultured on standard cornmeal/molasses medium at the indicated temperatures.
Immunocytochemistry
lmaginal discs from dpp ---> PB and control third instar larvae were dissected, fixed, and immunological detection of proteins was carried out essentially as described in Pattatucci and Kaufman (1991) . Polyclonal antisera directed against the peptide encoded by exon 9 of pb was used for detection of PB (Cribbs et al., 1992) . Monoclonal antisera directed toward the invected/engrailed protein was described in Gorman and Kaufman (1995) . Additional antisera were obtained from the following sources: anti Cubitus interruptus (Robert Holmgren) , anti wingless (Roel Nusse), and anti 3-Gal (Promega). Stained discs were mounted in Aqua Polymount (Polysciences) and photographed on a Zeiss Axiophot microscope with standard Nomarski optics. Control and experimental imaginal discs were carried through the staining reactions concurrently, and at least three independent staining reactions were performed for each experiment. Acridine orange staining was carried out as follows: imaginal discs from third instar transgenic larvae were dissected, stained and mounted in 1 x PBS. Staining was performed for 1 rain in a solution of 1.5 mM acridine orange (Sigma) in 1 × PBS and observed by fluorescence microscopy.
Cuticle preparations and SEM
Adult cuticles were prepared for microscopy as follows: Adults were collected and washed in PBS, cooked in 1 N KOH for 10 min at 80°C, rinsed in 95% EtOH and mounted in Gary's Magic Mountant (GMM) (Ashburner, 1989) . Wings were dissected and mounted directly in GMM, and examined with bright field optics. Scanning electron micrographs were performed as described in Merrill et al. (1987) . Adult flies were stored in 95% EtOH for periods of up to several weeks prior to mounting for SEM.
Lethal phase analysis
To quantitate and stage the lethality of progeny derived from each cross producing ectopic PB, virgin females homozygous for each of the GAL4 drivers were crossed to males homozygous t~or the UAS-PB responder transgene. The resulting embryos were harvested after 12 h of egg lay and >200 were moved to a Petri dish containing fresh media. Embryonic viability was assessed at 36-48 h after egg deposition and larval viability at 10-12 days after egg deposition. Adult eclosion was assessed for up to 18 days after egg deposition.
